Ion-trap mass spectrometers have been increasingly used for gas chromatography-mass spectrometry (GC-MS) analysis in analytical toxicology. Because the ion trap is operated in the mass-selective ejection mode (1), the stored ions have the opportunity to undergo a variety of ion-ion or ion-neutral interactions that can give rise to the idiosyncratic mass spectra sometimes observed with ion traps. A typical example is the increased relative abundance of the (M+H) + ion in the mass spectrum of cocaine. It should be noted that internal ionization, where all column effluent enters the ion trap, can be significantly different than external ionization, where only a small fraction of the effluent that is ionized is injected into the ion trap. A variety of factors are used to enhance the mass resolution and sensitivity of the ion trap including the presence of bath gas (He) and the application of RF waveforms to the endcaps. These factors interact to affect the apparent RF field strength at which the ion is ejected and thus its apparent mass-to-charge ratio. An increase in trap temperature can also affect the appearance of the mass spectrum because of increased collisions with the bath gas and increased fragmentation.
Mass-to-Charge Ratio Misassignments of Molecular Ions in Ion-Trap Mass Spectrometry
To the Editor:
Ion-trap mass spectrometers have been increasingly used for gas chromatography-mass spectrometry (GC-MS) analysis in analytical toxicology. Because the ion trap is operated in the mass-selective ejection mode (1), the stored ions have the opportunity to undergo a variety of ion-ion or ion-neutral interactions that can give rise to the idiosyncratic mass spectra sometimes observed with ion traps. A typical example is the increased relative abundance of the (M+H) + ion in the mass spectrum of cocaine. It should be noted that internal ionization, where all column effluent enters the ion trap, can be significantly different than external ionization, where only a small fraction of the effluent that is ionized is injected into the ion trap. A variety of factors are used to enhance the mass resolution and sensitivity of the ion trap including the presence of bath gas (He) and the application of RF waveforms to the endcaps. These factors interact to affect the apparent RF field strength at which the ion is ejected and thus its apparent mass-to-charge ratio. An increase in trap temperature can also affect the appearance of the mass spectrum because of increased collisions with the bath gas and increased fragmentation.
A recent publication by Guillot et al. (2) reported spectra for heroin, 6-acetyl-3-propanoylmorphine, and dipropanoylmorphine that have incorrect mass-to-charge ratios assigned to the molecular ions. The mass-to-charge ratios of the fragment ions are correctly assigned. How can this be?
As shown in the accompanying figure, the problem is not inherent in the ion-trap system because we are able to obtain the correct spectrum for all three analytes. In reviewing the paper, the head pressure and flow rate used on the 0.32-ram internal diameter capillary GC column were 16 psi and 3.6 mL/min, respectively, at room temperature. These values do not seem to be compatible for a 0.32-mm column. Using ezGC gas chromatography modeling software (Analytical Innovations, Inc., Kettering, OH) and a head pressure of 16 psi, the calculated flow rate is about 2.6 mL/min at the elution temperature of the analytes. If a flow rate of 3.6 mL/min is correct, the calculated flow rate is approximately 1.5 mL/min at the elution temperature of the analytes. These flow rates are considerably greater than the I mL/min recommended by the manufacturer (3). There is insufficient detail provided in the Materials and Methods section to actually determine how the ion trap was mass calibrated. If, however, it was calibrated with 1-mL/min helium flow, this could have contributed to the mass misassignment. A second parameter that can influence mass assignment is the temperature of the ion trap itself. Again, this .. ,,III .................. ,,ill i...,,,ll . +, ..... ,l.. 
We have performed all of these experiments in our laboratory on a similarly equipped Varian Saturn III, and none resulted in mass misassignment. We are thus left with the somewhat unsatisfying conclusion that the incorrect mass assignments are the result of some interaction of factors, possibly including the operating software version. If ion traps are to achieve acceptance in the toxicology and legal community, we must carefully evaluate the data that they generate. When a molecule containing one nitrogen atom gives rise to an odd-electron ion with an even mass (4), authors and reviewers alike must demand an explanation. On the other hand, ion-neutral interactions that give rise to enhanced (M+H) + ions do have an explanation and should not be dismissed out of hand. In the early days of quadrupole mass spectrometers, the lack of agreement between library spectra generated by sector instruments and quadrupoles was of great concern. Now the libraries are dominated by spectra generated by quadrupole instruments, and better library matches are obtained. A similar lack of agreement has been encountered with ion-trap mass analyzers, and it could be resolved in a similar manner. Ion traps can give rise to ions with different relative abundances through alternative mechanisms, but they should give rise to ions with correct mass-to-charge ratios. . i,,, ,i. ,,i ,,,, p,r,r ,. r,,, ,i, ,,,i ,,, ,l..i,,,,i,,,,i.. i,,, ,r. ,,i ,,,, i,, ,,i,,,,i,,,,i,,,, I .,, ,i,, ,,i ,,,, j. ,,i, 
